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Heritability of Hand Eczema Is Not Explained by
Comorbidity with Atopic Dermatitis
Anne Lerbaek1,2, Kirsten O. Kyvik3, Jakob Mortensen3, Lars E. Bryld2, Torkil Menne´1,2 and Tove Agner2
Genetic factors have been shown to influence the risk of hand eczema, and may theoretically influence the
frequency of eruptions as well as age at onset of the disease. However, the result may be confounded by atopic
dermatitis, which is a major risk factor for development of hand eczema and is known to be influenced by
genetic factors. In this study, the importance of genetic and environmental risk factors in the etiology of hand
eczema, independent of atopic dermatitis, was investigated in a population-based twin cohort. In addition, any
possible genetic influence on frequency of hand eczema eruptions and age at onset was explored. In all, 4,128
twin individuals (response rate 82%) answered a questionnaire on self-reported hand eczema. Similarity within
twin pairs was estimated and quantitative genetic modelling performed. Controlling for age and atopic
dermatitis, the effect of genetic risk factors was moderate and explained 41% of the variance in liability to
develop hand eczema, leaving 59% of the variance to be caused by environmental factors. Genetic factors
accounted for 31% of the variance in liability regarding frequency of eruptions. Environmental factors explained
the variance in liability concerning age at onset.
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INTRODUCTION
Hand eczema is characterized by a heterogeneous etiology
involving both endogenous and exogenous risk factors.
Atopic dermatitis is a well-established major individual risk
factor for hand eczema (Rystedt, 1985). For the individual
patient contact allergy constitutes an important risk factor,
but the epidemiological relative risk is stronger for atopic
dermatitis (Bryld et al., 2003). In addition, occupational and
domestic exposure to wet work increases the risk of hand
eczema (Nilsson et al., 1985).
Recently, a population-based twin study based on a
questionnaire demonstrated that genetic effects are of
significance for developing hand eczema (Bryld et al.,
2000). The influence of genetic effects on the liability to
develop atopic dermatitis is well-known (Larsen et al., 1986).
Because atopic dermatitis is one of the main risk factors for
hand eczema, the genetic effects on hand eczema could, at
least to some extent, be explained by the coexistence of
atopic dermatitis. The impact of genetic effects on contact
allergy has been extensively studied. Some studies claim
substantial impact of genes (Moss et al., 1985), whereas
newer studies find that environmental factors seem to be
more important than the individual genetic background
(Bryld et al., 2004). Whether genetic risk factors influence
the frequency of eruptions or the age at onset of hand eczema
is unknown.
Twin studies are effective tools to investigate possible
genetic susceptibility to a disease. By means of quantitative
genetic modelling, which has become a standard statistical
method, it is possible to estimate the relative importance of
genetic and environmental risk factors.
The primary aim of this study was to estimate the
contribution of genetic and environmental risk factors for
self-reported hand eczema, while controlling for atopic
dermatitis in the analysis. An additional aim was to evaluate
possible genetic influence on frequency of eruptions and age
at onset. Understanding the individual risk factors predispos-
ing to hand eczema is important when planning preventive
measures.
RESULTS
Response rate
A total of 4,128 twin individuals, corresponding to a response
rate of 82% (4,128/5,048), answered the questionnaire. As
the original cohort ascertained in 1996 comprised 6,666 twin
individuals of whom 5,610 answered the 1996 questionnaire,
the current responders thus comprised 74 and 62% of the
twin individuals participating in 1996 and originally con-
tacted in 1996, respectively.
Drop-out analysis
Compared to responders in 1996, there was a significantly
increased proportion of female responders (Po0.001) and
See related commentary on pg 1568ORIGINAL ARTICLE
1632 Journal of Investigative Dermatology (2007), Volume 127 & 2007 The Society for Investigative Dermatology
Received 19 September 2006; revised 6 December 2006; accepted 18
December 2006; published online 15 February 2007
1National Allergy Research Centre, Gentofte Hospital, University of
Copenhagen, Gentofte, Denmark; 2Department of Dermatology, Gentofte
Hospital, University of Copenhagen, Gentofte, Denmark and 3The Danish
Twin Registry, Epidemiology, University of Southern Denmark, Odense,
Denmark
Correspondence: Dr Anne Lerbaek, National Allergy Research Centre,
Gentofte Hospital, University of Copenhagen, Ledreborg Alle´ 40, 1., 2820
Gentofte, Denmark. E-mail: anne.lerbaek@dadlnet.dk
Abbreviations: DZ, dizygotic; MZ, monozygotic
responders with previously self-reported hand eczema
(Po0.001). Younger individuals were less likely to answer
the questionnaire than older individuals (P¼0.004). There
was no statistically significant difference in zygosity between
responders and non-responders (P¼ 0.242) (Table 1).
Descriptive statistics
The responders comprised 1,717 monozygotic (MZ) twin
individuals, 2,198 dizygotic (DZ) twin individuals, 167 twin
individuals with unknown zygosity, 12 triplet individuals,
and two quadruplet individuals. Females accounted for
59.0% of the responders. Mean age of the twin individuals
was 40.4 years (SD 6.6, range 28–52). Lifetime prevalence,
1-year prevalence, and point prevalence for self-reported
hand eczema was 23.7% (95% confidence interval (CI)
22.4–25.0), 11.8% (95% CI 10.8–12.8), and 5.9% (95% CI
5.2–6.6), respectively. Lifetime prevalence for atopic derma-
titis was 16.4% (95% CI 15.3–17.5) and in this group 50.4 %
(342/678) had self-reported hand eczema. Of those with self-
reported hand eczema, 34.9% (342/979) also reported atopic
dermatitis. A positive patch test was reported by 10.1% (95%
CI 9.2–11.0). With regard to frequency of eruptions, 24.9%
(95% CI 22.5–27.9) experienced just one episode, 54.0%
(95% CI 50.5–56.7) had more than one eruption and 16.0%
(95% CI 13.7–18.3) had hand eczema (nearly) all the time.
The remaining 5.1% (95% CI 3.8–6.6) did not answer the
question. Of the 979 twin individuals with self-reported hand
eczema, 891 answered the question on calendar-year with
first episode of hand eczema. The mean age at onset was 24.3
years (SD 10.5, range 0–51). Age at onset below 15 years was
reported by 172 (19.3%) of the respondents with self-reported
hand eczema. Approximately half (48.3%) of the respondents
with age at onset below 15 years (83/172) reported atopic
dermatitis.
Twin analyses
Self-reported hand eczema. Total number of twin pairs,
cases, concordant and discordant twin pairs, lifetime
prevalence and casewise concordances based on zygosity
and sex, are shown in Table 2. For both sexes the
concordances were higher in MZ twins than in DZ twins
(P¼0.01). The prevalence in female subjects exceeded the
prevalence in male subjects (Po0.001).
Both unadjusted and adjusted (for age and atopic
dermatitis) tetrachoric correlation coefficients are presented
in Table 2. Tetrachoric correlations measure the similarity in
liability to a disease between twin individuals in a twin pair.
A value of zero means that there is no correlation, whereas a
value of 1 or 1 reflects perfect negative or positive
Table 1. Drop-out analysis
Variable Responders (%) P-value1
Sex o0.001
Female 2337 (84.9)
Male 1791 (78.0)
Previous self-reported hand eczema o0.001
Not present 637 (77.2)
Present 3491 (82.7)
Year of birth 0.004
1969–1976 1241 (79.6)
1961–1968 1593 (81.7)
1953–1960 1294 (84.1)
Zygosity 0.242
MZ 1717 (81.4)
DZ 2198 (82.5)
UZ 167 (77.0)
Triplets 44 (78.6)
Quadruplets 2 (100.0)
DZ, dizygotic; MZ, monozygotic; UZ, unknown zygosity.
1w2-test for comparison of two proportions. Compared with non-
responders.
Table 2. Similarity on self-reported hand eczema and total number of pairs and cases in the analyses
Pairs (n) Cases (n)
Concordant
pairs (n)
Discordant
pairs (n) Prevalence
Casewise
concordance1
Unadjusted tetrachoric
correlation1
Adjusted
tetrachoric
correlation1,2
MZM 270 88 17 54 0.16 0.39 (0.25–0.52) 0.48 (0.26–0.67) 0.43 (0.18–0.63)
DZM 300 111 10 91 0.19 0.18 (0.09–0.30) 0.01 (0.23 to 0.22) 0.02 (0.26 to 0.22)
MZF 362 226 57 112 0.31 0.50 (0.42–0.58) 0.44 (0.28–0.58) 0.40 (0.24–0.55)
DZF 455 265 48 169 0.29 0.36 (0.29–0.44) 0.17 (0.01–0.32) 0.13 (0.04 to 0.29)
MZM, monozygotic males; DZM, dizygotic males; MZF, monozygotic females; DZF, dizygotic females.
Concordant pairs denote both twins in a twin pair having self-reported hand eczema. Discordant pairs denote one twin in a twin pair having self-reported
hand eczema. Casewise concordance is the risk of self-reported hand eczema in a twin individual if the co-twin has the disease. Tetrachoric correlation is the
correlation in liability for self-reported hand eczema assuming an underlying latent normal distributed liability.
Cases: number of twin individuals with self-reported hand eczema.
95% confidence intervals given in parentheses.
1Statistically significant difference between MZM and DZM and also between MZF and DZF.
2Adjusted for age and atopic dermatitis.
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correlation in liability, respectively. A positive correlation for
female and male MZ twins was found, whereas there was no
detectable correlation between DZ twins. The difference in
correlation coefficients for MZ and DZ twins was statistically
significant (P¼0.006 (unadjusted) and P¼0.03 (adjusted)).
The DZ correlations were less than half of the MZ
correlations, indicating the presence of dominance. Inclusion
of the covariates atopic dermatitis and age led to a minor
decrease in the estimates. Adjustment for atopic dermatitis
had the largest effect on the correlation coefficient, whereas
adjustment for age had minimal influence (data not shown).
Estimates of the different variance components from the
quantitative genetic modelling (unadjusted and adjusted) as
well as test statistics are given in Table 3. The DE model
provided the best fit to the data both with and without
inclusion of the covariates. Without adjustment genetic
factors explained 45% (95% CI 33–57) of the variance in
liability. The remaining 55% of the variance was attributable
to unique environmental factors. With atopic dermatitis and
age included in the model, the corresponding estimates were
41% (95% CI 28–53) and 59% (95% CI 47–72). With
respondents reporting a positive patch test excluded from
the analysis the variance components estimates only changed
marginally (data not shown).
Frequency of hand eczema eruptions. Conditional probabil-
ities and polychoric correlation coefficients, stratified by
zygosity and sex, are shown in Table 4. There was a trend
towards higher conditional probabilities for MZ twin pairs
compared to DZ twin pairs. Increased polychoric correlation
coefficients for MZ twins compared to DZ twins were seen,
but this finding was statistically insignificant (P¼0.202). The
DE model provided the best fit to the data. Under this model
38% (95% CI 26–49) of the variance was attributable to
genetic factors and 62% (95% CI 50–74) could be ascribed to
unique environmental factors. With atopic dermatitis and age
included in the model, the distribution changed to 31% (95%
CI 18–43) and 69% (95% CI 57–82) (Table 5).
Age at onset. Pearson’s correlations on age at onset showed
an inconsistent and insignificant pattern both when all
respondents were included and when only respondents
above 15 years of age were included. Correlations of 0.401
(P¼0.01) for MZ females and 0.676 (P¼0.05) for DZ males
were the only significant ones (data not shown). Only data on
female twins were included in the quantitative genetic
modelling analyses, because of sparse male data. The model
with the best fit, with all female twins included, was the AE
model. Forty-two percent (95% CI 16–61) of the variance was
Table 3. Results of the quantitative genetic model fitting for self-reported hand eczema, showing the relative
contribution of genetic and environmental components to the total phenotypic variance (VP)
Genetic variance components Environmental variance components Comparison of nested submodels
Model A D C E 2LL1 Dv22 Dd.f.3 AIC P
Unadjusted
ADE 0.00 (0.00–0.48) 0.45 (0.00–0.56) — 0.55 (0.43–0.67) 4167.14 0.54 2 4175.14 0.764
AE 0.41 (0.30–0.52) — — 0.59 (0.48–0.71) 4169.54 2.40 3 4175.54 0.4024
DE — 0.45 (0.33–0.57) — 0.55 (0.43–0.67) 4167.14 0.54 3 4173.14 0.910
E — — — 1 4213.74 47.14 4 4217.74 0.0004
ACE 0.41 (0.22–0.52) — 0.00 (0.00–0.14) 0.59 (0.48–0.71) 4169.54 0.07 2 4177.54 0.967
CE — — 0.28 (0.19–0.37) 0.72 (0.63–0.82) 4180.73 11.26 3 4186.73 0.010
Adjusted5
ADE 0.00 (0.00–0.44) 0.41 (0.00–0.53) — 0.59 (0.47–0.72) 2836.61 3.53 5 2846.61 0.618
AE 0.37 (0.24–0.49) — — 0.63 (0.52–0.76) 2839.13 6.05 6 2847.13 0.4184
DE — 0.41 (0.28–0.53) — 0.59 (0.47–0.72) 2836.61 3.53 6 2844.61 0.740
E — — — 1 2870.34 37.258 7 2876.34 0.0004
ACE 0.37 (0.17–0.49) — 0.00 (0.00–0.14) 0.63 (0.52–0.76) 2839.13 3.48 5 2849.13 0.627
CE — — 0.24 (0.14–0.33) 0.76 (0.66–0.86) 2847.98 12.33 6 2855.98 0.055
Data is fitted to different combinations of variance components in the model: VP=VA+VD+VC+VE; VA: additive genetic component, VD: non-additive genetic
component, VC: common environmental component, VE: unique environmental component. The model with the lowest AIC represents the model with the
best fit. Selection of the best-fitting submodel is based on Dw2 and an insignificant P-value. The best-fitting models are highlighted in bold.
95% confidence intervals given in parentheses.
1Minus two times log likelihood of data.
2Difference in w2 between the full model and the submodel.
3Difference in degrees of freedom (d.f.) between the full model and the submodel.
4Compared to an ADE model.
5Adjusted for age and atopic dermatitis.
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attributable to additive genetic factors. Using only female
twins with age at onset above 15 years, the model with the
best fit was an E model (data not shown), indicating that
variance in unique environmental factors explained the
variance in age at onset.
High-risk occupation and wet work. The concordances for
high-risk occupation and wet work for MZ twins were 0.34
(95% CI 0.25–0.44) and 0.46 (95% CI 0.38–0.53), respec-
tively. The corresponding estimates for DZ twins were 0.20
(95% CI 0.13–0.27) and 0.25 (95% CI 0.19–0.32). MZ values
were statistically significantly different from DZ values
(P¼0.007 and P¼ 0.001).
DISCUSSION
This study confirms the importance of genetic risk factors in
the etiology of hand eczema. Forty-one percent of the
variance in liability was attributable to genetic factors and
the remaining variance in liability was due to unique
environmental factors. The heritability was not explained by
atopic dermatitis, as inclusion of atopic dermatitis in the
analyses only caused a minor change in the estimates. The
association between atopic dermatitis and respiratory atopy
(allergic rhinitis and allergic asthma) is well-known and some
studies have indicated a possible role of respiratory atopy as a
risk factor for hand eczema (Lammintausta and Kalimo, 1981;
Nilsson et al., 1985). Whether respiratory atopy contributes
to the genetic risk factors for hand eczema cannot be
excluded, but was not assessed in this study.
Hand eczema has been extensively investigated in
epidemiologic studies. A question similar to the one used in
this study, giving the 1-year prevalence of self-reported hand
eczema (‘‘Have you had hand eczema on any occasion
during the past 12 months?’’) has been validated and showed
relatively high specificity (96–99%), but low sensitivity
(53–59%) (Meding and Barregard, 2001), and thus may
underestimate the prevalence. The non-validated question on
doctor-diagnosed hand eczema (‘‘Has a doctor ever told you
that you have hand eczema?’’) was included to ensure
agreement between the initial questionnaire in 1996 and the
present questionnaire. However, all respondents answering
‘‘yes’’ to the question on doctor-diagnosed hand eczema also
answered positively to the self-reported hand eczema
question (data not shown).
The questionnaire-based diagnosis of hand eczema used
in this study renders a definite diagnosis on the subtype of
hand eczema impossible. Thus the investigated phenotype is
heterogeneous and includes irritant contact dermatitis and
Table 4. Similarity on frequency of eruptions of hand eczema
Conditional probability Polychoric correlation
Never Only once More than once All the time Unadjusted Adjusted1
MZM 0.88 (0.85–0.91) 0.21 (0.00–0.40) 0.23 (0.07–0.40) 0.14 (0–0.39) 0.42 (0.19–0.61) 0.34 (0.10–0.53)
DZM 0.82 (0.78–0.86) 0.06 (0–0.16) 0.10 (0–0.21) —2 0.02 (0.26 to 0.22) 0.01 (0.25 to 0.22)
MZF 0.79 (0.75–0.83) 0.23 (0.08–0.38) 0.26 (0.16–0.36) 0.14 (0.32) 0.37 (0.21–0.51) 0.30 (0.14–0.45)
DZF 0.75 (0.71–0.79) 0.09 (0–0.18) 0.19 (0.10–0.289 0.09 (0–0.21) 0.14 (0.02 to 0.28) 0.10 (0.06 to 0.25)
DZF, dizygotic females; DZM, dizygotic males; MZM, monozygotic males; MZF, monozygotic females.
The conditional probability gives the risk of a certain frequency of eruptions in a twin individual, given a certain frequency of eruptions in the co-twin (i.e.
the risk is 0.21 that a MZM twin individual will have had hand eczema only once if the co-twin has had hand eczema only once). The polychoric correlation
is a correlation in liability (in this case to frequency of eruptions) when there is more than two outcome categories.
95% confidence intervals given in parentheses.
1Adjusted for age and atopic dermatitis.
2No data, estimation impossible.
Table 5. Variance component estimates of the best-fitting model for frequency of eruptions of hand eczema,
showing the relative contribution of genetic and environmental components to the total phenotypic variance (VP)
Genetic variance components Environmental variance components Comparison of nested submodels
A D C E 2LL1 Dv22 Dd.f.3 AIC P
Unadjusted — 0.38 (0.26–0.50) — 0.62 (0.51–0.74) 5768.24 0.287 3 5774.24 0.963
Adjusted4 — 0.31 (0.18–0.43) — 0.69 (0.57–0.82) 4031.78 2.579 6 4039.78 0.860
Selection of the models were based on AIC and secondarily on Dw2 and P.
95% confidence intervals given in parentheses.
1Minus two times log likelihood of data.
2Difference in w2 between the full model and the submodel.
3Difference in degrees of freedom (d.f.) between the full model and the submodel.
4Adjusted for age and atopic dermatitis.
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allergic contact dermatitis on the hands, atopic hand eczema,
mixtures of the three and other types (i.e. hyperkeratotic hand
eczema and pompholyx). As we knew that genetic factors
significantly influence the risk of atopic dermatitis, we
identified individuals with atopic dermatitis and included
the variable in the model, to evaluate any change in the
estimates.
The diagnosis of atopic dermatitis was based on the UK
criteria, question-only version. The UK criteria are validated
and widely used in epidemiologic studies (Herd et al., 1996;
Muto et al., 2003). The validation is mostly, but not entirely,
in children and for point prevalence and 1-year prevalence
(Williams et al., 1994b, 1996b). The prevalence of atopic
dermatitis varies widely in different populations and in
Northern and Western Europe estimates up to 20% have
been reported (Beasley, 1998; Mortz et al., 2001). Our result
is in accordance with this, though considering the adult study
population probably slightly overestimated. Stenberg et al.
(2006) recently validated the question ‘‘Have you had
childhood eczema’’ in an adult population and found that
the question overestimated the prevalence of atopic derma-
titis by a factor of 1.6. The questionnaire included two
additional questions on atopic dermatitis: namely the above
mentioned on self-reported atopic dermatitis and one on
flexural eczema, which has previously been used in
Scandinavian surveys (Susitaival et al., 2003). The lifetime
prevalence generated from these question were 6.7% and
12.0% (95% CI 11.0–12.9), as compared to 16.4% when
using the UK criteria.
Numerous studies have evaluated possible individual
genetic susceptibility to contact allergy and tried to identify
genetic markers (Reich et al., 2003; Westphal et al., 2003).
Maybe different mechanisms, and hence different genotypes
may increase susceptibility to some allergens but not to
others (Westphal et al., 2000; Brans et al., 2005). Bryld et al.
(2004) concluded that nickel contact allergy is mainly caused
by environmental exposures and only to a lesser degree by
genetic factors. Unfortunately, inclusion of additional cov-
ariates in the quantitative genetic modelling was not possible
owing to lack of statistical power. However, exclusion of
respondents reporting a positive patch test did not change the
results of the quantitative genetic modelling. This indicates
that the observed effect of genetic factors was not explained
by the presence of contact allergy. To our knowledge, the
extent to which respondents are able to recall the results of
patch testing has not been validated. The prevalence of
contact allergy in this study (10.1%) is considerably lower
than the 15–20% found in a previous study (Nielsen et al.,
2001). However, that result is based on obligatory patch
testing of a population-based cohort regardless of symptoms.
As expected we find a lower prevalence in this study, as only
a subgroup of respondents are patch tested. Considering the
lack of question validation, it is questionable whether the
exclusion of respondents reporting a positive patch test, really
reflects exclusion of respondents with allergic contact
dermatitis on the hands.
In population-based studies and studies on occupational
hand eczema the most frequent diagnosis is irritant contact
dermatitis on the hands (Meding and Swanbeck, 1987; Skoet
et al., 2004). The diagnosis is essentially a diagnosis based on
a history of exposure to irritants and lack of positive patch
tests. Little is known about possible individual genetic
susceptibility to irritant contact dermatitis, other than atopic
dermatitis. A few studies indicate that genetic factors are of
importance. Allen et al. (2000) identified a non-atopic
genetic marker for irritant contact dermatitis in normal
individuals. Bryld et al. (2003) when analyzing data from a
population-based clinical twin study, found evidence that
hitherto unknown genetic risk factors influence the risk of
irritant contact dermatitis on the hands. Considering our
attempt to control for atopic dermatitis and contact allergy in
the analyses, and the usually high proportion with irritant
hand eczema, one can argue that the genetic risk factors
found in this study primarily relate to the risk of acquiring
irritant contact dermatitis on the hands.
Hand eczema occurs twice as often in women compared
to men. This difference is generally ascribed to differences in
environmental exposures, rather than to sex difference in skin
susceptibility (Agner and Menne´, 2006). Most experimental
studies have found no sex difference in skin reactivity to
irritants (Bjornberg, 1975). Regarding sex difference and skin
susceptibility to contact allergens, the present knowledge is
limited and inconclusive. We found no evidence of sex
difference regarding the distribution of genetic and environ-
mental risk factors for hand eczema, thus supporting previous
knowledge.
Genetic factors accounted for 31% of the variance in
liability regarding frequency of eruptions.
Genetic modelling of the data resulted in variance
components comparable to the estimates for hand eczema,
but with a slightly higher influence from environmental
factors, especially with the covariates included in the model.
Environmental factors explained almost 70% of the variance
in liability concerning frequency of eruptions. The result
underlines the importance of treatment and secondary
preventive measures. Finally the quantitative genetic model-
ling procedure was applied to the data on age at onset. The
calculation was hampered by a lack of data, as only
concordant twin pairs with respect to hand eczema could
be included in the analysis. The best-fitting models were an
AE model and an E model, the last one indicating that unique
environmental factors determine age at onset.
To extrapolate the results to the general population, the
twin population must be fairly representative of the back-
ground population. The study population is drawn from the
twin cohorts in the Danish Twin Registry, which is based on
the Danish Civil Registration System and covers 74.4% of all
twins born 1953–1967 (inclusive) and 97.4% of those born
1968–1982 (inclusive) (Kyvik et al., 1995). The study
population included all twins born 1953–1976 living on the
island of Sealand or its neighboring islands. The responders in
this study comprise 62% of the twin individuals originally
contacted in 1996 and 74% of the twin individuals
responding in 1996. As both questionnaires have focused
on hand eczema, a selection in favor of participants with
(hand) eczema problems, may have occurred, possibly
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resulting in an overestimation of the prevalence of hand
eczema and the risk estimates. Drop-out analysis in this study
demonstrated a predominance of female twin individuals and
twin individuals with previous self-reported hand eczema
among the responders, which could also increase the
prevalence estimate. However, the prevalence of hand
eczema and atopic dermatitis in this study are comparable
to previous estimates from non-twin population-based
studies.
An important assumption in the classical twin study is the
one of equal environment for the two types of twins. If
however, the MZ twins are treated more similar than the DZ
twins, a greater phenotypic similarity of the MZ twins is not
only owing to a greater genetic similarity, but also to a greater
environmental similarity and thus the effect of genetic factors
will be overestimated. Wet work and certain occupations
increase the risk of hand eczema (Skoet et al., 2004). By
calculating concordances for high-risk occupations and wet
work we wanted to assess the similarity in exposure for MZ
and DZ twins. One could speculate that MZ twins will
choose more similar occupations and thus have a more
similar exposure than DZ twins. We found statistically
significantly higher concordances for high-risk occupation
and exposure for MZ than for DZ twins and this may
potentially have inflated the estimate of the genetic variance
components. However, studies have shown that it is very
difficult to obtain reliable exposure data (Jungbauer et al.,
2004) and job titles are not a very good proxy for actual
exposure (Anveden et al., 2006).
The effect of epigenetic modifications (DNA changes
arising after separation of the embryonic cells, for example
DNA methylation) may undermine the important assumption
of identical genes in MZ twins and hence phenotypic
discordance between MZ twins cannot solely be ascribed
to differences in environmental influence (Singh et al., 2002;
Fraga et al., 2005). The frequency and importance of
epigenetic factors in twin studies are at present poorly
understood.
The biometric model assumes absence of significant
gene–environment interaction and correlation. Gene–environ-
ment interaction relates to the way genes and environment
affect the phenotype, that is, the same environmental influence
has differential effects on different genotypes. Finally, the
model assumes random mating. Assortative mating, which is
nonrandom mating based on other factors than biological
relatedness, tend to increase the genetic and environmental
similarity between relatives. In a twin study, assortative mating
would increase the similarity between DZ twins relative to MZ
twins and if so, underestimate the importance of genetic
factors. To what extent these last three assumptions are
satisfied in this study is unknown.
The best-fitting model in the quantitative genetic model-
ling for hand eczema was a DE model. As dominance (D) is
non-additive interaction of alleles at the same locus,
dominance variance (VD) only contributes to the genetic
covariance between full siblings (including MZ and DZ
twins) and not to the genetic covariance between other
relatives. Additive variance (VA) is thus the chief cause of
resemblance between relatives and the DE model is
biologically very unlikely (Falconer and Mackay, 1996a, b).
The limited sample size and a resulting lack of statistical
power, is a possible explanation for the best-fitting model in
this study being a DE model. In a larger cohort we might have
found that the ADE model had the best fit.
The basis of quantitative genetics is the fact that variations
in DNA give different phenotypes. Quantitative genetics
allow us to estimate the importance of genetic risk factors;
unfortunately, it does not allow us to characterize the
involved genes.
In conclusion, this study showed that genetic factors
independent of atopic dermatitis are of moderate etiological
importance for hand eczema and frequency of hand eczema
eruptions. No effect of genetic factors on age at onset was
found. The remaining culprit is to further characterize and
pinpoint the complex phenotype(s) and subtypes of hand
eczema, where genetic factors have the largest influence.
Preventive measures, both primary and secondary, are of
unchanged importance.
MATERIALS AND METHODS
Study design and population
The present study is a follow-up study on a twin cohort ascertained
from the population-based Danish Twin Registry (Bryld et al., 2000).
Previous study. In autumn 1996, a mailed questionnaire was
answered by 5,610 twin individuals born between 1953 and 1976
(response rate 84%). Both members of the twin pair had to reside on
Sealand or one of the neighboring islands at the time of
ascertainment. The cohort comprised MZ and DZ twin pairs, a few
triplets and quadruplets as well as a minor group with unknown
zygosity. Zygosity was determined in a previous questionnaire study
based on the similarity method, which is previously described (Kyvik
et al., 1995). This method determines correct zygosity in more than
95% of cases (Christiansen et al., 2003). Because of expected
differences in hand eczema prevalence for female and male twins,
only same-sex twin pairs were included.
Present study. In January 2005 a new questionnaire was sent by
mail to the previously participating twin individuals. Addresses were
obtained from the Danish Civil Registration System on 5,048 twin
individuals. The remaining twins had a protected address, had
emigrated, were dead or impossible to trace. A return envelope was
enclosed with the questionnaire and one reminder was mailed to
non-responders after 1 month. The Danish Act on Scientific-Ethical
Committees and Biomedical Research does not require approval by
a Scientific-Ethical Committee for questionnaire surveys and thus,
this was not applied for.
Questionnaires
If a twin individual reported hand eczema in 1996, this individual
was regarded as having the phenotype and obtained a different
questionnaire than those twin individuals without self-reported hand
eczema in 1996. Only twin individuals without self-reported hand
eczema in 1996, where asked about self-reported hand eczema in
the new questionnaire. Altogether 4,223 questionnaires were mailed
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to twin individuals without previously self-reported hand eczema
and 825 questionnaires were mailed to twin individuals with
previously self-reported hand eczema. A group of 14 twin
individuals reporting hand eczema in 1996 made a marginal note
in the questionnaire denying previous hand eczema and in the data
analyses they were merged with the group without self-reported
hand eczema.
The questionnaires additionally included questions on atopic
dermatitis (UK criteria, question-only version (Williams et al., 1994a;
Williams, 1996a)) and questions on positive patch tests to nickel or
other contact allergens (preservatives, perfume, rubber, plants,
chromate, or others). Frequency of eruptions was investigated with
questions from The Nordic Occupational Skin Questionnaire
(NOSQ-2002) (question number D4) (Susitaival et al., 2003).
Respondents without self-reported hand eczema bypassed the
questions on frequency of eruptions. Skin exposure was assessed
indirectly with a question on job titles and directly with questions on
hours of wet work per day, hours with glove use per day and number
of hand washings per day. The questions on direct skin exposure
were adapted from the NOSQ-2002 (question numbers E1, E2, E5,
and E8).
Definitions
Self-reported hand eczema. A diagnosis of self-reported hand
eczema was defined as ‘‘yes’’ to one of the questions ‘‘Have you
ever had hand eczema?’’ or ‘‘Has a doctor ever told you that you
have hand eczema?’’ Frequency of eruptions: Respondents were
divided into four groups, having had hand eczema (1) never, (2) only
once, (3) more than once, and (4) (nearly) all the time.
Age at onset. The calendar-year of first episode of hand eczema
was subtracted from birth-year to obtain the age at onset.
Atopic dermatitis. This was defined using the UK-criteria,
question-only version.
Contact allergy. A positive answer to a question on positive patch
tests was considered indicative of contact allergy.
High-risk occupation. High-risk occupation was defined as
employment in one of nine occupations, previously identified as
high-risk occupations for hand eczema (bakers, hairdressers, dental
surgery assistants, kitchen workers/cooks, butchers, health care
workers, cleaners, doctors/dentists/veterinarians, and laboratory
technicians) (Skoet et al., 2004).
Wet work. Wet work was defined as skin exposed to liquids more
than 2 hours per day, or use of occlusive gloves more than 2 hours
per day, or very frequent hand washing (420 times/day) (Diepgen
and Coenraads, 1999).
Statistics
Descriptive statistics. In the descriptive analyses all twin
individuals (MZ, DZ, unknown zygosity, triplets, and quadruplets)
were used. Data on both single twin individuals and complete twin
pairs were used when calculating means and prevalences. Data
were analyzed using SPSS version 13.0. The w2 test for comparison of
two proportions was used in the drop-out analysis.
Twin analyses. The classical twin study relies on the assumption
that MZ twins have identical segregating genes. If then, any
difference (discordance) for a disease is present this is attributed to
environmental influence. DZ twins share on average 50% of their
genes and any difference is therefore owing to a combination of
genetic and environmental factors. If genetic factors have any
substantial influence on disease liability, then a greater phenotypic
similarity between MZ twin individuals, than between DZ twin
individuals is expected. Twin similarity was assessed by means of
casewise concordances, conditional probabilities, and correlation
coefficients, stratified by zygosity and sex. This was followed by
quantitative genetic modelling to estimate the relative importance of
genetic and environmental factors. Casewise concordances were
estimated using Stata Statistical Software. Conditional probabilities
for variables with more than two outcomes were estimated using
Maple version 10. Estimation of tetra- and polychoric correlation
coefficients and quantitative genetic modelling were performed with
the software package Mx (Neale et al., 2003). Pearson correlations
were calculated with SPSS version 13.0. Only data on complete MZ
and DZ twin pairs were used in the twin analyses.
Casewise concordances and conditional probabilities. The
casewise concordance is a conditional probability and gives the
probability for disease in a twin individual, if the co-twin is affected
(Kyvik, 1997). If the MZ casewise concordance exceeds the DZ
casewise concordance, it indicates an effect of genetic factors on
disease expression. Because of expected complete and independent
ascertainment of twin individuals we used the casewise concor-
dance formula: CR¼ 2C/(2CþD); where C is the number of
concordant pairs and D is the number of discordant pairs. The
95% CIs were calculated using bootstrap methods (Efron and
Tibshirani, 1986). Equality between MZ and DZ concordances was
tested in a one-sided test. Casewise concordances were calculated
for self-reported hand eczema. Similarity in frequency of eruptions
was assessed with conditional probabilities for variables with more
than two outcomes.
To investigate the correctness of the equal environment assump-
tion, casewise concordances for high-risk occupations and wet work
were estimated.
Correlations. The correlation in disease liability within twin pairs
was expressed as tetrachoric correlation coefficients (dichotomous
outcome i.e. self-reported hand eczema) or polychoric correlation
coefficients (more than two categories i.e. frequency of eruptions).
Determination of tetrachoric correlation coefficients relies
on the assumption of a normal-distributed underlying liability
(susceptibility) to develop a disease. The disease is expressed,
when the individual exceeds a certain threshold on the liability
distribution.
Age and atopic dermatitis were included in the model assuming a
linear effect on the thresholds by the covariates. Age was chosen as a
covariate as it is previously shown that hand eczema is more
prevalent in younger persons. Owing to the limited size of the study
cohort, it was not possible to stratify the material into different age
groups. The second covariate, atopic dermatitis, was predetermined
owing to the aim of the study. The difference in tetra- and polychoric
correlation coefficients between MZ and DZ twins was assessed with
a likelihood ratio test (Neale and Cardon, 1992).
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Correlations in age at onset (continuous variable) were assessed
with Pearson correlation coefficients.
Quantitative genetic modelling. Phenotypic variation may be
attributed to genetic and environmental causes. In quantitative
genetic modelling, which is widely used with twin data, the total
phenotypic variance is decomposed into four variance components:
Additive genetic variance (VA), non-additive genetic variance (VD),
shared/common environmental variance (VC), and unique (indivi-
dual-specific) environmental variance (VE). A represents the influ-
ence of alleles at several loci acting in an additive manner (i.e. with
the same weight). D represents the presence of dominance, which is
non-additive interaction of alleles at the same locus. C reflects
environmental influence shared by members of a twin pair and E
reflects environmental influence unique to the individual. Herit-
ability in the broad sense is defined as the proportion of the
phenotypic variance that is attributable to genetic variance
(VAþVD). MZ twin pairs are perfectly correlated for genetic variance
(VAþVD), whereas the genetic difference between DZ twin pairs
corresponds to a correlation of 0.5 for additive genetic variance and
0.25 for dominant genetic variance. By definition (equal environ-
ment assumption) common environment (VC) is perfectly correlated
between both MZ and DZ twin pairs. Correlation in unique
environment (VE) is zero in both zygosity groups. Based on this,
the equations for the expected variances and twin covariances (or
correlations) are as follows:
VP ¼VA þ VD þ VC þ VE
COVMZ ¼VA þ VD þ VC
COVDZ ¼0:5 VA þ 0:25 VD þ VC
VP is the total phenotypic variance, COVMZ is the covariance within
MZ twin pairs and COVDZ is the covariance within DZ twin pairs.
The modelling procedure tests these expected variance–covar-
iance matrices against the observed data pattern, and the aim is to
explain the pattern with the use of as few parameters as possible. The
model assumes random mating, no effect of epigenetic factors, no
gene–environment interaction or correlation and no epistasis (a
particular allele interacts with alleles at other loci). VD and VC are
confounded in a twin study with MZ and DZ twins reared together,
and cannot be discriminated in the same model. The presence of D
tends to produce DZ correlations less than half the size of the MZ
correlations. Influence of C is indicated by a DZ correlation above
50% of the MZ correlation.
First, full models (ADE and ACE) were examined, stratified by sex,
and secondly a model assuming equal standardized variance
components for both sexes was attempted. Equal variance compo-
nents across sex were confirmed and then nested (i.e. one model is a
restricted version of the other) submodels (AE, DE and E and AE, CE
and E, respectively) were computed on a data set comprising both
sexes. Same procedure was followed with the covariates, atopic
dermatitis and age, included in the model.
It was not possible to include further covariates in the model,
owing to lack of statistical power. Instead, in a new calculation, all
twin individuals reporting a positive patch test were excluded. This
was considered an indirect measure of the influence of contact
allergy on the variance estimates. Excluding respondents with a
positive patch test, was restricted to the quantitative genetic
modelling for self-reported hand eczema.
Selection of the best-fitting model is based on Akaike Information
Criterion (AIC) (Akaike, 1987; Neale and Cardon, 1992). This is
defined as 2LLþ 2q, where 2LL is minus twice log likelihood of
data and q is the number of free parameters in the model. The criteria
takes into account how well the data fits the model and the degree of
parsimony (i.e. increase in the number of parameters in the model is
stopped, if this does not lead to a significantly better fit to the data) of
the model. The model with the lowest AIC represents the model with
the best fit to the data and the most parsimonious model. Nested
submodels were compared to the full models using the w2 test
statistic. A high w2 and an insignificant P-value indicate that the
model offers a good description of the data.
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